Members of the Pbx family are involved in a diverse range of developmental processes including axial patterning and organogenesis. Pbx functions are in part mediated by the interaction of Pbx proteins with members of the Hox and Meis/Prep families. We have identi®ed a fourth mammalian Pbx family member. Pbx4 in the mouse and PBX4 in humans are located on chromosome 8 and chromosome 19, respectively. Pbx4 expression is con®ned to the testis, especially to spermatocytes in the pachytene stage of the ®rst meiotic prophase. q
Results and discussion
The Pbx genes in vertebrates encode a small family of highly conserved homeodomain proteins (Bu Èrglin, 1997) . Sequences of a fourth Pbx gene in mouse and humans were detected in the sequence database. Missing cDNA sequences of Pbx4 in the mouse and PBX4 in humans were isolated by H -rapid ampli®cation of cDNA ends (RACE), respectively (Fig. 1A,B ). Pbx4 and PBX4 represent`long' Pbx versions (Monica et al., 1991; Nourse et al., 1990) (Fig. 1C) . A zebra®sh pbx gene, pbx4/ lazarus, has been described recently (Po Èpperl et al., 2000; Vlachakis et al., 2000) . Although Pbx4 and PBX4 are not closely related to pbx4/lazarus and exhibit different expression patterns (Po Èpperl et al., 2000; Vlachakis et al., 2000) they may represent diverged orthologues of pbx4/lazarus.
Pbx4 was mapped to mouse chromosome 8C proximal (Fig. 2) . This chromosomal region contains stretches syntenic with human chromosome segment 19p13-p12 (http:// www.ncbi.nlm.nih.gov/homology/, October 2000), the chromosomal location of the PBX4 locus in humans (19p12) according to the assignment of clone R33799 (AC002306) with PBX4 exons 1 and 2.
Expression analysis revealed that Pbx4 was highly expressed in the testis (Fig. 3A,B) . A number of aberrantly spliced Pbx4 transcripts were also identi®ed in which exon 2 was spliced to downstream exons or to cryptic splice acceptor sites within exons resulting in frame shifts (Fig. 3A) . No Pbx4-speci®c signal was visible in mouse embryos between 7.0 and 10.5 days post-coitum (dpc) by whole-mount RNA in situ hybridization (data not shown). The human homologue, PBX4, was expressed in most human cell lines (Fig.  3C) .
RT-PCR analysis of Pbx4 expression during the ®rst wave of spermatogenesis in prepubertal testes showed that expression was upregulated around postnatal day (P) 14 (Fig. 4A ) when the ®rst spermatocytes have reached the pachytene stage of the meiotic prophase (Bellve Â, 1993) . Pbx4 expression in pachytene spermatocytes was con®rmed by RNA in situ hybridization. Pbx4-expressing seminiferous tubules were ®rst observed on sections of P14 testes (Fig. 4B) . At P18 most of the tubules showed Pbx4 expression (Fig. 4D) . In sections of adult testes Pbx4 expression was seen in all tubules in a ring of cells several layers thick, again in a region that corresponded to meiotic spermatocytes (Fig. 4F,H) .
Consistent with Pbx4 expression patterns, immunostaining for Pbx4 protein produced a signal in a sub-nuclear domain of pachytene spermatocytes (Fig. 4C ,E,G) which corresponds to the XY body (Oud and Reutlinger, 1981;  . The signi®cance of Pbx4 protein accumulation in the XY body remains to be established. It is possible that the observed sub-nuclear localization of Pbx4 re¯ects a local Pbx4 protein concentration above the detection threshold of the antiserum that is not reached on the less condensed autosomes.
The highly restricted expression of Pbx4 in the mouse should allow the identi®cation of Pbx4-regulated target genes.
Experimental procedures

Identi®cation and cloning of Pbx4 and PBX4 cDNA sequences
For RT-PCR total RNA was prepared using Trizol (Life Technologies) from 14.5 dpc FVB/N mouse embryos. Two rounds of PCR were performed using oligonucleotides ATV117b and ATV120. The complete Pbx4 coding region and the Pbx4 amino acid sequence were determined from RT-PCR clones (accession number AJ300183) and Est clones AA624153 and AA231033/AJ300184 (clones IMAGp998K072510 and IMAGp998G121635, respectively, Resource Centre of the Human Genome Project at the Max-Planck-Institute for Molecular Genetics in Berlin). PBX4 sequences were obtained by 3 H -RACE (3 H -RACE kit, Roche) using total RNA of the human cell line 293 with PBX4 primer ATV117. The PBX4 coding region and the PBX4 amino acid sequence were determined from clones AC002306, AA904552/AI198607, and 3 H -RACE clones (accession number AJ300182).
FISH
For FISH, genomic clones ICRFp703D02219Q7 and ICRFp703G11225Q7 of the mouse Pbx4 gene (Resource Centre of the Human Genome Project at the Max-PlanckInstitute for Molecular Genetics in Berlin) were digoxigenin-labelled and chromosomal in situ hybridization was performed as described by Lichter et al. (1990) on mouse metaphase chromosomes prepared from spleen cells of a female Balb/c animal as published (Sawyer et al., 1987) . Hybridized probes were detected via rhodamine. Furthermore, Pbx4 probes were each co-hybridized with a mouse chromosome 8 probe labelled by biotin and detected via FITC. Chromosomes were banded by staining with 4,6-diamino-2-phenylindoledihydrochloride (DAPI). Digitized images of emitted DAPI, FITC, and rhodamine¯uores-cences were recorded separately by a CCD camera (Photometrics), electronically overlaid, and aligned.
RNA in situ hybridization and protein immunohistochemistry
In situ hybridization and immunohistochemistry were performed on cryostat sections of mouse testes. Non-radioactive RNA in situ hybridization was performed according to Schaeren-Wiemers and Ger®n-Moser (1993) . Pbx4-speci®c anti-peptide antibodies (H.P., unpublished data) were visualized using the Vectastain Elite-ABC horseradish peroxidase kit (Vector Laboratories) with 3,3
H -diaminobenzidine as substrate.
RT-PCR and Northern blot analysis of Pbx4/PBX4 expression
Total RNA was prepared using Trizol. PCRs were performed with Taq polymerase for 30 cycles. Primer pairs were ATV132/ATV133 (Pbx1), ATV130/ATV131 (Pbx2), ATV134/ATV135 (Pbx3), ATV151 (spanning the exon 2/3 junction)/ATV116 or ATV118b (within exon 2)/ ATV120 (Pbx4), ATV116/ATV117 (PBX4), and ATV47/ ATV48 (Gapdh/GAPDH). PCR products were in some cases identi®ed by high stringency hybridization after Southern transfer.
To detect Pbx4 mRNA on Northern blots, 20 mg of total RNA from different tissues was used. Loading differences were visualized with a b -actin probe.
PCR primers
The PCR primers were as follows: ATV47, 5 H -CTTCATTGACCTCAACTACATGGT-3 H ; ATV48 2 ), are visible with forward primer ATV118b which lies within exon 2. Most of these splice variants are absent with forward primer (ATV151) that spans the exon 2/3 junction (panel Pbx4 1 ). Expression of the Pbx1 (736 bp PCR product), Pbx2 (739 bp product), and Pbx3 genes (733 bp product) is more widespread in adult mouse tissues than Pbx4. The PCR product for one aberrantly spliced Pbx3 transcript which links the Pbx3 exon 2 to exon 4 is present in all tissues (*, panel Pbx3). Gapdh fragments (211 bp) were ampli®ed in control reactions to verify cDNA synthesis and are shown on an ethidium bromide-stained gel. No Pbx-speci®c PCR products were obtained from RT-PCRs without reverse transcriptase (2cDNA lane and data not shown). The RNA panel shows the ethidium bromide-stained DNase-treated total RNA preparations used for RT-PCR. In situ hybridization with a Pbx4 antisense probe. P14 testis (B) and P18 testis (D) possess Pbx4-expressing cells located on the luminal-most side of the seminiferous epithelium corresponding to meiotic spermatocytes in the pachytene stage which represent the most advanced and most abundant differentiation stage of spermatocytes at P14±P18 (Bellve Â, 1993) . Other cells within the seminiferous epithelium such as Sertoli cells, spermatogonia, and spermatocytes in the earliest stages of the meiotic prophase are located in the periphery and are negative for Pbx4 expression. In the adult testis (F,H) Pbx4 is expressed in the spermatocyte-containing layers of the seminiferous epithelium but is absent in cells located towards the lumen of the tubules that harbour more mature stages such as spermatids (F, *). Furthermore, cells in the peripheral layer of the tubules that contain the spermatogonia exhibit less or no signal for Pbx4 (F, arrowheads). (I) In situ hybridization with an antisense probe for Pbx2 shows only low level expression throughout the tubules of adult testes. Immunostaining for Pbx4 (C,E,G) demonstrates a localization of Pbx4 protein within a distinct region of the nucleus of pachytene spermatocytes corresponding to the XY body. (J) Immunostaining with pre-immune serum. The scale bars in (C,E) represent 25 mm in (B±G,J) and 50 mm in (H,I).
